Wastewater treatment plants (WWTPs) are a very important link in the spread of antibiotic resistance genes to the environment and the formation of antibiotic-resistant microorganisms. The mechanical and biological methods of wastewater treatment in WWTPs do not completely remove the resistance genes from sewage. The genes responsible for extended-spectrum beta-lactamases (ESBLs) are very common in the family Enterobacteriaceae that colonize the human digestive tract and are abundant in wastewater. The aim of this study was to analyze the prevalence of genes encoding beta-lactamases in the wastewater and sludge samples collected from two WWTPs in the Polish regions of Warmia and Silesia and from the river water upstream and downstream from the WWTPs. The wastewater samples were passed through polycarbonate membrane filters, whereas the sludge samples were homogenized, and genomic DNA was extracted. The bla TEM , bla OXA and bla SHV genes were detected by means of standard PCR. The most prevalent gene was bla TEM which occurred in all samples, including the treated wastewater. The bla OXA gene was also frequently detected in all samples from the WWTP in Silesia. The bla SHV gene was least prevalent in the tested samples. These results indicate that wastewater is a hotspot for resistant bacteria. Beta-lactamase genes are not eliminated through the mechanical-biological wastewater treatment methods, and they can spread to other environments, thus increasing the pool of antibiotic resistance genes around the world and creating epidemiological risks.
INTRODUCTION
The increased use of antibiotics in human medicine, veterinary medicine and agriculture contributes to the growth of antibiotic resistance among pathogenic bacteria, and it increases the prevalence of multidrug-resistant pathogens in the human environment [Reinthaler et al. 2010 ; Korzeniewska and Harnisz 2013a; Xu et al. 2015] . Numerous analyses of hospital wastewater have revealed the presence of antibiotic-resistant bacteria (ARB) and antibiotic resistance genes (ARGs). The occurrence of ARGs and ARB in municipal wastewater and their transmission to the environment from wastewater treatment plants give a serious cause for concern [Huang et al. 2012; Chagas et al. 2010 ].
Wastewater treatment plants play a very important role in the emergence and spread of ARB and ARGs to the environment, in particular water bodies [Rizzo et al. 2013; Osińska et al. 2017 ]. Wastewater of diversified origin is pooled and mixed in WWTPs [Amador et al. 2014 ]. The conventional biological methods of wastewater treatment do not completely eliminate the antibiotic resistance genes due to high microbial density and the abundance of the nutrients required for bacterial growth [Kelly et al. 2009 ]. The research into the effects of different wastewater treatment methods on the occurrence of resistance determinants in the wastewater microbiome demonstrated that the antibiotic-resistant bacteria are more prevalent in effluents than in the incoming sewage [West et. al 2010; ].
High concentrations of ARGs and ARB in the wastewater treated in WWTPs give cause for concern because ARGs can spread through horizontal gene transfer (HGT) [Moura et al. 2012; Marti et al. 2014 ; Korzeniewska and Harnisz 2018] .
Beta-lactamases are bacterial enzymes that confer resistance to beta-lactams in microorganisms. The beta-lactamase-producing bacteria were found in many wastewater and water samples. These bacterial enzymes hydrolyze several classes of antibiotics, including cephalosporins, carbapenems and penicillin. A new group of enzymes, extended-spectrum beta-lactamases (ES-BLs), was discovered in the mid-1980s. Under typical circumstances, ESBLs are derived from beta-lactamase genes by mutation. Broad-spectrum beta-lactam antibiotics are susceptible to hydrolysis by ESBLs. The prevalence of ESBLproducing bacteria has been gradually increasing. More than 300 ESBL gene variants have been identified to date Reinthaler et al. 2010 ]. They were categorized into groups A and D of the Ambler scheme and classified into several ESBL gene families [Paterson and Bonomo 2005] . The most prevalent classes include TEM, SHV and CTX-M. The extended-spectrum beta-lactamase resistance genes are genetically diverse and exceedingly mobile. Their mobility can be attributed to the most widespread mobile genetic elements such as plasmids, transposons and integrons. Horizontal gene transfer plays an important role in the spread of resistance to different strains, species and even reservoirs. Among the used groups of antibiotics, beta-lactams are the most widely prescribed antibiotics around the world [Diallo et al. 2014; ECDC 2017] . The growing prevalence of the beta-lactamase transmitting bacteria is a major clinical problem around the world which increases the incidence of infections and reduces the therapeutic efficacy [Li et al. 2009 ].
The objective of this study was to investigate the prevalence of the genetic determinants of beta-lactamases in the wastewater at each stage of mechanical and biological treatment in WWTPs. The bla TEM , bla SHV and bla OXA genes were analyzed by means of standard polymerase chain reaction (PCR). The study provides valuable new data on the occurrence of the most popular genes responsible for the proliferation of beta-lactamase-producing bacteria. The effectiveness of wastewater treatment processes in each stage of treatment, including in the treated and evacuated effluents, was also analyzed.
MATERIALS AND METHODS

Characteristics of WWTPs and sampling
The samples of sewage, water and sludge were collected from two wastewater treatment plants in Poland. Both plants are characterized by a highly similar structure and methods of purification, but one of WWTPs is located in a forested area in the Warmia and Mazury regions (nonindustrialized area), whereas the other WWTP is situated in an industrial area in the Region of Silesia. The treated effluents are discharged into the Łyna River and the Gostynia River, respectively Harnisz and Korzeniewska 2018] . Additional information about both WWTPs can be found in Table 1 .
The samples were collected twice in June and November 2018. The following samples were collected from the WWTP in Warmia and Mazury: river water upstream from the WWTP, raw wastewater, wastewater after passage through the preliminary settling tank, wastewater after passage through the biological chamber, wastewater after passage through the reactor, treated wastewater, river water downstream from the WWTP, sludge after passage through the fermentation pool, and deposited sludge. In turn, the following samples were collected from the WWTP in Silesia: river water upstream from the WWTP, raw wastewater, wastewater after passage through the initial settling tank, wastewater after passage through the secondary settling tank, wastewater after passage through the selector and the C-TECH reactor, treated wastewater, river water downstream from the WWTP, leachate after drainage, sludge after mechanical thickening, and sludge after gravity thickening. The wastewater samples were collected into sterile bottles, and the sludge samples were collected into sterile specimen jars. The material was transported to the laboratory on the same day and stored in a refrigerator for further analysis.
Isolation of genomic DNA
In order to prepare the samples for the extraction of genomic DNA, the sewage and water samples were filtered using a vacuum pump with 0.20 μm filters. The amount of filtrated samples is given in Table 2 . Genomic DNA was isolated from the sewage and water samples with the DNeasy Power Water Kit (Qiagen), and from sediment samples -with the DNeasy Power Soil Kit (Qiagen) according to the manufacturer's protocol. After isolation, the DNA eluent was used for gene detection.
PCR identification and detection
The presence of beta-lactamase genes, including bla TEM , bla OXA and bla SHV, in the analyzed material was determined by PCR. The primers and reaction conditions are presented in Table 3 . The PCR reaction was performed in a volume of 15 μl containing 1 μl of genomic DNA of each sample and MasterMix NZYTaq II.
After PCR amplification of beta-lactamase genes, 5 μl of each amplified DNA fragment was separated by electrophoresis in 1% agarose gel (Sigma) stained with ethidium bromide (0.5 mg/ml).
RESULTS AND DISCUSSION
The growing consumption of antibiotics in developed countries around the world contributes The bla TEM gene was detected in all wastewater samples collected from both WWTPs in June and November. It was identified in the treated wastewater and in the sludge that is deposited in the final stages of purification and is often used in industry and agriculture. The bla OXA gene was detected in the wastewater samples collected after each stage of treatment in the WWTP in Silesia in both June and November. However, this gene was not identified in river water downstream from the WWTP in Warmia and Mazury. In the samples collected in June, bla OXA was not detected in sludge, but it was present in the samples collected in November. The bla SHV gene was not identified in any of the samples collected in June in Silesia. In November, the bla SHV gene was detected in downstream river water, but it was effectively eliminated in the WWTP and was not detected in the treated wastewater. In the WWTP in Warmia and Mazury, the bla SHV gene occurred in the wastewater samples collected in almost every stage of treatment in both June and November. These variations could be attributed to the different wastewater treatment methods in the analyzed WWTPs. In the industrialized region of Silesia, wastewater is additionally treated by chemical precipitation of phosphorus, which can promote gene elimination. The wastewater processed by the examined WWTPs can also differ in origin and composition. The presence of . These findings indicate that both raw and treated wastewater is a rich source of genes encoding extended-spectrum beta-lactamases. These genes are not eliminated even in the WWTPs that deploy numerous wastewater processes and treatment stages. Beta-lactam resistance genes were also detected in the untreated hospital wastewater, and the bla TEM gene was found in 82% of all ESBL producers [Chagas et al. 2011] . In this study, the frequency of bla SHV and bla CTX-M genes in the tested ESBL strains was determined at 48% and 67%, respectively. These results indicate that hospital wastewater is highly contaminated with beta-lactam resistance genes. These studies also revealed that wastewater samples often simultaneously harbor bla TEM and bla CTX-M genes. Interesting results were also reported by Dzierżanowska et al. [2010] who analyzed 110 isolates of Klebsiella pneumoniae from clinical facilities. Fortysix isolates harbored a single gene from the bla group, whereas as many as 64 isolates contained at least two bla genes. In these strains, bla TEM and bla SHV genes were dominant. In other studies of K. pneumianoae, the genetic determinants of bla-TEM and bla SHV were detected in 100% and 50% of isolates, respectively. In Escherichia coli strains, the bla TEM gene occurred in 92 cases (89%). It is also worth noting that all K. pneumoniae and E. coli strains additionally carried the bla CTX-M gene, which points the presence of correlations between these genes [Mugnaioli et al. 2006 ]. Similar results were reported by Sana et al. [2011] in a clinical study of Escherichia coli, where 45.2% of 73 ESBL-positive isolates harbored the bla OXA gene. The bla SHV gene was somewhat less prevalent. TC1  +  +  -TL1  +  +  +  TC2  +  +  -TL2  +  +  +  TC3  +  +  -TL3  +  +  +  TC4  +  +  -TL4  +  +  +  TC5  +  +  -TL5  +  +  -TC6  +  +  -TL6  +  +  +  TC7  +  +  -TL7  +  +  -TC8  +  +  -TL8  +  +  -TC9  +  +  -TL9  +  +  -TC10 + + -TL10 + + -These findings demonstrate that the clinical facilities with an abundance of resistant strains and very high consumption of antibiotics significantly influence the prevalence of antibiotic resistance genes in wastewater and the environment.
CONCLUSIONS
In the current study, the antibiotic resistance genes were detected in the final stages of wastewater treatment; therefore, the effectiveness of the evaluated wastewater treatment methods in eliminating resistance genes could not be reliably ascertained. These findings suggest that the mechanical and biological methods of wastewater treatment in WWTPs do not completely remove the antibiotic resistance genes from sewage. The correlations between the sampling season and the presence of antibiotic resistance genes in wastewater could not be determined because highly similar results were noted for all examined genes. Wastewater is a specific hotspot of the resistance genes and antibiotic-resistant bacteria. Beta-lactamase genes are discharged with treated effluents into the environment. They can spread over long distances, increase the antibiotic resistance gene pool and contribute to antimicrobial resistance worldwide. The bacterial resistance to antibiotics is a growing clinical problem and a public health threat. Environmental monitoring and new methods for eliminating genetic determinants of drug resistance are required to effectively address these problems.
